To determine how often acute lateral myocardial infarcts may be electrocardiographically "silent," a new approach was utilized in which subjects were selected by admission thallium scintigraphy. Thirty-one patients with their first infarction were identified with moderate to severe perfusion defects of the lateral and posterolateral walls. persistent over 7 days and associated with severe wall motion abnormalities. Patients with involvement of the anterior, septal or "inferior" regions were not included. In nine patients, the perfusion defect extended to the anterolateral wall: all developed ST elevation and Q waves in at least one of the "lateral" leads (I, aVL or V,,) but none showed changes in the "inferior" leads (II, III or aVF). In the other 22 patients. the perfusion Infarction of the anterior or inferior walls of the left ventricle is regularly associated with development of Q waves or loss of preexisting R waves 0,2). Infarction of the posterior, lateral or high anterolateral regions, however, produces inconsistent electrocardiographic changes and is frequently difficult to recognize because of the absence of ST segment elevation or Q waves (3,4). Knowledge of the electrocardiographic changes associated with lateral or posterolateral wall infarcts is based entirely on autopsy studies (4-11), the majority of which were performed before 1950. Because all of the patients in those studies died of their infarction, the results may be biased toward large infarcts and may not pertain to the majority of patients who survive.
the infarct was silent in the sense that no ST segment elevation or Q waves were seen, although ST depressions or T wave inversions, or both, in all but one patient were compatible with subendocardial infarction.
The results indicate that the standard electrocardiogram is insensitive to changes in the lateral and posterolateral regions. Additional diagnostic studies are needed for proper localization and sizing of acute myocardial infarcts.
dimensional echocardiography, in patients with acute myocardial infarction provides an opportunity for reexamining the question of how often lateral or posterolateral wall infarction may be electrocardiographically "silent," that is, not associated with ST segment elevation or the development of Q waves. In this study, thallium-201 scintigraphy performed as soon as possible after admission was used to select a group of patients in whom the site of ischemic damage was located in the lateral and posterolateral walls.
Methods
All patients admitted to the Johns Hopkins myocardial infarction research unit from July 1977 to June 1982 with the diagnosis of probable or definite acute myocardial infarction and without a history of previous infarction were potential subjects in this study. As part of the standard research protocol, patients had thallium perfusion scintigrams performed followed by gated blood pool studies as soon as possible after admission, usually within 12 hours of the onset of chest pain. Blood samples were taken every 4 hours for at least 48 hours for total serum creatine kinase and MB isoenzyme activity. The scintigraphic studies were repeated 7 to 10 days after admission.
0735·10971841$300 be present when the left ventricular myocardial activity was equal to background, a moderate defect to be present when there was an obvious reduction in activity but myocardial activity was still clearly present in the region and a mild defect to be present when there was a slight but definite reduction in activity.
Equilibrium radionuclide angiography. Multiple gated blood pool imaging of the left ventricle was accomplished immediately after completion of thallium scintigraphy with the same camera/collimator system in the anterior, approximately 40°left anterior oblique (to best define the ventricular septum) and left lateral positions. According to the procedure of Pavel et al. (12) , patients received an initial intravenous injection of 7.7 mg stannous pyrophosphate in I ml of saline solution. Twenty minutes later. the patients received an intravenous injection of 20 mCi of technetium99m pertechnetate. Data collection in the gated-synchronized mode was begun 10 minutes after administration of the radionuclide and continued until 275,000 counts per image had been accumulated. Data were analyzed using standard commercial software (MUGE). Regional wall motion was evaluated independently by two observers without knowledge of the patient's clinical history. and graded as normal or abnormal (hypokinetic, akinetic or dyskinetic).
Two-dimensional echocardiography. Real time twodimensional echocardiographic examination was performed in most of the patients within the first week of admission. utilizing a Diasonics 3400 phased array scanner with a 2.25 MHz transducer. Complete ultrasonic examination was performed as previously described and included apical, parasternal and subcostal views (13) . All echocardiographic recordings were stored on a Sony Betamax tape recording system. Wall motion in each segment of the left ventricle was classified as normal, hypokinetic, akinetic, dyskinetic or hyperkinetic on the basis of a visual assessment of wall thickening and endocardial movement during systole.
Electrocardiographic interpretation. Standard 12lead electrocardiograms were obtained on admission and then on a daily basis for at least 10 days. A definite Q wave was considered to be present if the Q wave duration was 0.04 second or more, or the depth of Q wave was 25% or more of the height of the R wave in the same complex in any of the leads except aVR. The R wave height in lead VI was determined by averaging three consecutive beats. Definite ST segment depression was considered to be present if the J point was depressed I mm or more and was followed by a horizontal or downward sloping ST segment for at least 0.08 second in I or more of the 12 leads. The preceding PQ segment was used as a reference line. Definite ST segment elevation was considered to be present if it was I mm or more in leads 1, II, III, aVL. aVF, V5 and V6, and 2 mm or more in leads VI' V2 . V3 and V4. An inverted T wave was considered to be present if it was more than 2 mm deep in any of the leads except aYR. Patients were selected for the study according to thefollowing criteria: I) no history of previous myoc ardial infarction; 2) chest pain compatible with acute myoc ardial infarction. lasting for more than I hour and occurring within the 10 hours before admission; 3) curves of total serum creatine kinase activity demonstrating an increase and decrease compatible with acute myocardial infarction, combined with an elevation of the MB isoenzyme to greater than4% of the total activity;4) thalliumscintigram as soon as possible after admission and again 7 to 10 days later showing a perfusion defect in the lateral wall of the left ventricle of at least moderate severity; and 5) cardiac gated blood pool scan at rest and two-dimensional echocardiogram (if obtained) showing abnormal wall motion in the region of the thallium defect.
Patients with the following findings were specifically exeluded ( Fig. 1 ): 1) septal defect on the 40°left anterior oblique thallium image; 2) anterior defect on the 60°left anterior obliqueor left lateral image; 3) defect on the inferior wall on the anterior thallium image; 4) significant improvemen! or worsening of the thallium defect at rest in the late hospital study; and 5) electrocardiographic evidence of left or right bundle branch block. This left a final study group of 3 I patients with a first acute myocardial infarction involvmg the lateral or posterolateral wall of the left ventricle, but not involving the anterior, septal or "inferior" regions.
Myocardial perfusion scintigraphy. Scintigraphy with thalhum-Zul (1.8 to 2.4 mCi) was performed 15 minutes after injection with the patient in the anterior, 40 and 60°l eft anterior oblique and left lateral positions. Images were recorded for 500,000 counts with a Technicare 420 mobile gamma camera. using a medium sensitivity collimator and a 20'10 window centered on the 80 keY X-ray peak. Images wert acquired in a 128 x 128 matrix and were stored in a computer (A 2 • Medical Data Systems). Thallium scintigrams were interpreted independently by two observers without knowledge of patient identity or elecrrocardiographic findings . A consensus was reached in cases of disagreement. Perfusion defects were graded as mild. moderate or severe. We considered a severe defect to SCINTIGRAPHIC 
Results
ST elevation. Elevation of the ST segment in at least one of the lateral leads (I, aVL, V6) was present on adOf the 31 patients, 22 had a defect limited to the lateral mission in only 5 (23%) of the 22 patients with a thallium and posterolateral walls on thallium scintigraphy (group I), defect limited to the lateral and posterolateral walls (group whereas in 9 patients, the defect extended also to the an-I) (Table 3) , but was present in all 9 subjects with a latterolateral wall (group II) (Fig. 1) . The electrocardiographic eral/posterolateral thallium defect and additional involvechanges seen in group I and group II patients are presented ment of the anterolatera wall (group II) ( Table 4) . None of in detail in Tables 1 and 2. the 9 patients in group II had ST elevation in the inferior Table I leads (II, III or aVF) on admission; however, 9 (41%) of the 22 patients in group I had ST segment elevation in leads aVF and III, and 1 patient had ST elevation only in lead III. Depression of the ST segment on admission is described in Tables 3 and 4 .
Q waves. Of the 22 patients in group I, none demonstrated a pathologic Q wave in any of the lateral leads by the time of discharge, whereas 11 (50%) had a Q wave in at least one of the inferior leads (Table 3) . Of the nine patients in group II, all had a Q wave in lead aVL on discharge (Table 4) . No new left axis deviation was seen in either group, and no patient had an R wave greater than the S wave in lead V1 or V2 on admission or discharge, Seven patients (five from group I and two from group II) had an increase in the R wave in lead V1 of more than 1 mm between the admission and discharge tracings. Mortality. Three patients died in the hospital. All were from group I: Patient 7 died on day 6, Patient 9 on day 2 and Patient 12 on day 11. Despite the absence of Q waves in two of these patients (Patients 7 and 12) and the presence of a Q wave only in lead II in one, autopsy in all three patients showed a recent transmural lateral wall myocardial infarction.
Representative cases. Figures 2 to 4 show examples of thallium scintigrams and electrocardiograms from patients in groups I and II. In Figure 2 (Patient 19), the thallium Previous studies in lateral wall infarction. As reflected in current cardiology textbooks, the diagnosis of acute lateral wall infarction is generally based on the presence of ST segment elevation and Q waves in leads I, aVL, V s or V 6 (! ·t-16). A review of previous reports, however, suggests that the electrocardiographic pattern associated with lateral wall infarction is actually highly variable. Studies in the I930s and mid 1940s (5) (6) (7) (8) were limited by small numbers (If patients, many without autopsy confirmation of infarct location, and the use of outdated electrocardiographic lead systems, Myers et al. (4) reported that patients with lateral wall infarction commonly, but by no means always, had pathologic Qwaves in leads aVL, Vs or V6, while Dunn et al (11) were unable to find a consistent pattern of QRS changes. Other investigators (10, 11, 17) pointed out that a taller R wave and diminished S wave may denote lateral wall as well as direct posterior wall injury. Horan et al. (18) reported that lateral basal infarction was frequently silent because more than half of the hearts with infarction and normal QRS complexes had a scar in this location. In our study, only 9 of the 31 patients with acute lateral wall infarction developed Q waves in lead 1 or aVL. The remainder demonstrated Q waves in leads II, III or aVF or no Q waves at all. The idea that lateral infarction can be reliably diagnosed by changes in leads I and aVL may possibly derive from autopsy results where the infarct may be particularly large, involving anterolateral as well as the lateral and posterolateral walls.
Transmural versus subendocardial lateral infarction. Our results suggest that many patients with acute transmural lateral wall infarction may currently be labeled incorrectly as having poorly localized subendocardial infarction or transmural infarcts limited to the inferior wall. Although some of our patients with lateral infarction may have had only subendocardial involvement, the majority appeared to have a large infarct that pathologically would have involved the full thickness of the left ventricular wall. Although this point cannot be established with certainty without autopsy information, the following facts are supportive: 1) thallium scintigraphic defects were of at least moderate intensity and persisted for more than 7 to 10 days; 2) cardiac gated blood pool scans and two-dimensional echocardiograms showed anatomically concordant wall motion abnormalities (dyskinesia or akinesia in 74% and hypokinesia in 26%); 3) peak creatine kinase was more than 1,000 IU/liter in 80% of the patients, and when it was less than 1,000 IU/liter, akinesia or dyskinesia was always present: and 4) in the three patients who died, autopsy showed transmural infarction of the posterolateral wall.
A lateral wall location represents only one reason for a lack of association between transmural infarction and Q waves. In fact, there is a poor correlation between Q waves and the thickness of left ventricular wall involved in infarction. Several investigators (19) (20) (21) have reported that subendocardial or nontransmural infarction may be accompanied by Q waves, whereas the occurrence of acute transmural anterior or inferior infarcts without Q waves has also October 1984 660-6 been noted (22) . Reviews by Pipberger and Lopez (23), Phibbs (24) and Spodick (25) recently emphasized that transmural and subendocardial infarction cannot be distinguished by the presence or absence of Q waves.
Implications. Our study suggests that improved diagnostic methods are needed for the detection of acute lateral wall infarction. Rosenbaum et al. (8) suggested that upper left precordial leads and left axillary leads could be abnormal with "high lateral" infarcts when the standard precordial leads were not. Myers et aI. (4) reported that high precordial leads were helpful in a few cases in which they were recorded. However, Dunn et aI. (1I) noted that such leads were not significantly more helpful than the conventional precordial leads and aVL, and also represented a source of error because of their unfamiliar character. Anterior and posterior thorax mapping studies might be helpful in such patients to establish the utility and optimal position for extra recording sites. However, in view of the relative inaccuracies involved in infarct localization and sizing by electrocardiography, radionuclide or other types of cardiac imaging techniques should probably be more widely employed.
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